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PURPOSE: To extend a communication distance 
between an IC card and a reader/ writer without causing % M 
side reaction. ;:jp£ 
CONSTITUTION: Three loop antennas LI, LI' and L1" 
which constitute an antenna radiating a magnetic field 
are arranged on the same plane so that there center 
parts are matched with each other. Current 11, 11' and 
11", the number of turns N1, NV and N1" and areas S1, 
SV and S1" are set so that an expression (N1 X 11 x 
S1+N1' x IV x S1 '+N1 " x 11 " x S1 "=0) is satisfied when 
N1, NV and N1" are defined as the number of the turns 
of the loop antennas L1 t LV and L1'\ S1, SV and S1" 
are defined as the areas (cross sections) of the loop 
antennas L1, LV and L1" and current flowing through 
the loop antennas L1, LV and L1" are defined as 11, IV 
and 11". 
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[0 04 0] 0;5>L&#e>. ^©^ffiKJrOJU-^T 

>f-7- 9 7 a^arr^ewsrSK -r^ii^. ic*-k 

|5]SS^$>o-c4>, I C*- F^«0-r€)*J^-ft*^5IS 

si*^-, fc. 3 etc. m&mcix. m^©8(SM^6 



9 

&*§^iCB. *ftKffl,», S^©5£K4>St<& 

[0 04 1] ^hjb. c©«fc5&ttMK:a , '#T*3ft 
fct>©T* 0 . I C * - K©««-?^$a^©lg)S4-?-© 
ffi©MUft:ffl •&£!<!:&< , IC#-K£y-# 

>r # £©iHi^sl£&fi-f 5 c i #r # £ & *> cc-r 

[0042] 

©4>'fr»#-Si'-r* J: 5 (£, PI-¥E±ic|Bg^ ftfcM 
(MB. 2U±(DWm ®<D)l- y7>ft^f^C 

[0 04 3] C©7>7"J-tt*SC»-CB> M®<D)V-77 

fc. MIO;l/-7'7>ft05 5(Dm (mB. 1 JW_hM 
«T©^tSt) #@©*-:/T>?^©«R*ft:«ffi» 

T>f±{C«itn5S^*. I.iL, m^lftMMK^ 
itOty-^a^Itati^. SZN.I.S.= 

0£vi£3ttsj;5&cTSc£#r#5., 3 65c. urn 

lO^-^^ftC^Om (mtt, UJtJbMfcTF© 

gist) #s©;u-7-T>^^-©#^fcwffia^, -e-n 
©flwraiEtu mnvn mfmssfoimt saw wk 

iT-5ii^tC. m*175SMte£;tT©1f.><- 

scc-rscias-e*^. mb. 2 gfc«3(cT^c<t*s 

[0044] *mm<o a* b. mn*tm? 

hTlsJ-l-^ffix.. *<D7^^i-j)K wp&mtfi-m 

s. 

[o 04 5 ] c©y-^/^-r ^ccfcurti. ic»- 
y f »f2©2<a©;u-7 , r>7 : -^- ; &w-r€.J«^. mi©^ 

2©jI/-7't>t-^=&. S{ffflJU-^'T>-?-^-J:0/h3 

>ft4ti, r>7-i-w. mmm.m3<D3®<D)i<- 



(6) #^¥8-3 30 84 0 

10 

[0 04 6] 

[ftUB] *^©T>T-^-iC*i^T«, M (MB, 2JW 

[0 047] #2£0J© 'J - A % KteOTtt. fiBI? 

Zmm-?Z7l'7-i-*:ffim?2>M (MB. 2«±©S 

io cc, ID— ^PHitciHg 3 iiTV & „ 
[0 048] 

CUftWl 01B. *^?riiffiL/c';-f/7-<^© 

X$><0. ^©IftBjB^DST-S,, BP*i. C©" , -3V5-Y 
£B. ;U-7'T>x^-9 TSCf^T. 3f!©Jl/--7"7> 
ftLl, LI* , LI' ' #7>7-:J-<hU-Cfa:tf6ft 
TI,>*ttK, HI 9©y-^/7^#£|S]«&C$Jj£3n 

20 [0 04 9] 3o©;l— 7'T>t-^-L 1 , L 1 ' , L 

r ' mm ummm b. m«t»rftfcg#jB« 

tcsn-cfcO. S^cen^B+Bftttcsnr^*.., a 
±5. *-7'7>ftLl, LI' , LI' ' ©5%©L 

B. I C#- F (0 1 9) ©;U-:/7>-r^3 1 ilaj— 
JCStin^S (fif-oT. 0 1 9©Jl/-7'T>7-^-3 1 © 

B. *-7'7>f , tLl' " B. Jb— 7'T>7*^" 3 1 J; 
30 O^'hS (,>&©£ Sft-Cl^. 

[0050] ^lt, -ene»B. ^©*^gp <«*.«. 
s&&£) ^«;> h»«_h©^©*ofc-^-rs 

J;5tc. *i-o|^-^PM± (^JSW-CB. 7->;>h»^ 

±) icieasnri^ 01 -cb. 3o©ju- ^ 

7>ftLl. LI' . LI' ' Sr. T^T^y > hS 

*^y> h»®±©^©B±tciesL. -e© 

HMWtC. 3o©jV-7'T>7-:7-L 1 , L 1 ' , L 
S) ) . 

[0 0 5 1] §6^C, BlO^ife^lT-B. 3-o©;U-^' 

7>ftLi, Li' , li' ' », i^uccsasisnr 

&£.?Zm!ft<D-fi\ii]fiK )l-77>T1-L l £. L l ' 

*fc«L i ' ' -en-en irBJg^iniK^^i^tcJs 
snr^s„ ffiot, )i--^7>ftLr *jJ:j>'L 
r ' r-B. -en-entcm^^^ciicj;'). isi— 

^ (;U-^T>f-^L 1 364JS*r&SBil!i©35F|Sj4l4aS 
50 (c«»*i|8£Sft*J:9«C!Gc3ti-ri,»*. 



(7) 



11 

[0 0 5 2] ^-T-T^ftL 1, LI' . L 

t,UU-7 , T>f-^-L 1 «, 8^0Jl/-7*T>f-^-9 7 J; 
0*l«^L. ItLt, I C#- K4©il«gg 

^7>ftLT «. JP-7 - T>^^L 1 
J»ittK)^|Sl©fiB»*lfe£U £4 LT. IC#-F 
i'J- * 4 *ijfi& b/cJS-^(C . IC*- H©;1/ 

-vryf i-3 i«c«iw«sam*fi«Lt:. i c#- 
r JV-7'T>7-^L i s»»4Ht 

w$im<omnz&£.h, itir. sagsrcrag^ft 

S. Jl-7'7>ftLl, LI' , LI' ' W3mO 
ffi»c*m.B«J|Ufc (5 0 0 (tV/mKTlc) <ST3-t± 

[0 0 5 3] ^tc. HhOi^W-^T^tLl, 
LI' , LI* ' Ti6X?nS7>ft(a-ot, IC 

[ 0 0 5 4 ] 0 2 «. bu5£L/c0 1 9 ©#HKftfc&- FS/ 

W. 3-f;Hl!C, Bf 3£©£«0tEE* EHttrr £ «fc 5 K ft 
StltteD, il9©++V7^4S9 3 > T>V9 
4. J6Cx9 5. 33>-r>"9-9 6(CffiS^-^. (;U 



10 



20 



-^T>r-^) Lit*. 



1 9<DJ\>-z?T>-r1-97 * 

Vl = j<uLlIl + jaiMfe 

V 2 = jwMli + (j«L2+R2) 
= ~ l + JLcR 12 



»8-330 840 
12 

: 01©;b-7-7>ftL 1 ) CCtiS-J-S. 

[0 0 5 5 ] a-TJU ()V--?'Tls7~*- ) L 2 «. 01 9 
©;u-7'T>r^"3 lKtBSTS. Jg!nR2«. 3 -Ob 
L2©iS^liSi;^T'*i9, ^0-»3>fJH2 0-« 

<.>•&. 3>f>tCB 1 0 1903>f>1f3 2tc^ 
*©ffi««. =i-<JWL2©flSS4SSRSn-rc»*. 

aaaRtt. fi«iKKT\ tai9©ic*-K©3>f> 
1f3 2«fc»)«IJi©a5#K:ffia-rs. ffiKR©-Jsiitt> a 
>x>1tC iffitaR 2 4©Jgg^tCjg^34vC*S'). £ 
/^©ffeiStt. 3>^>-yC<hr3^;l,L2 4©»tfc&«C 
S^3nri^„ «_h©n-YJUL2. tgJtR2. n>7= 
>-VC, fc^O'ffiJaR^. 01 9© I Cij- KttfB^T 

[o o 5 6 ] S2fc^-ria8gfa{c*jt>r. sum 

lfC±f)3-fJH 1 iCEPfltJ£ft£Sffi£V 1 4. -^©s 

©^SSI 1 AJa-OPL ltc*ft.5C4K:,fc»)»£*rs» 

12 4. ^©^ijiEI 2#=i^;UL 2Kift*i-5C4R:J: 
0. ifi£xRK:EPJ][]Sft£«££V2 4 > 3-Ol^Ll4L 
24©tBS-C>^^^>^*M4. ^tvPtrrSi. 5$ 

( i ) ( 2 ) a*. @8giiftiifticj&3:-r& 0 

[0057] 

[»1] 



(1) 



(2) 



U oott. MffiSl ^m^TTSXfl^EE (*t'i7)© (3) lcm?£ -5 CcftS. 

ftMiSDn?**,, [0 0 5 9 ] 

[0 0 5 8 ] j£ ( 1 ) (2) #>6. IlfcJcO'I* M&2] 

HM 



V 2 = 



R{Li - « 2 C(Li U- M 2 )}+H2L1 +j La — M a )+CL i R 2 R} 



Vi 



(3) 



[0 0 6 0 ] fiE^T. ^EEV 2 ©ffeWB I V2 I tt. St ★ [0 0 6 1 
(4) K^irJ:MCft£ 0 ★ [»3 3 

RM 



!V 2 | = 



[R(U - a> 2 C(Li L 2 -M a »+R2Li) 2 + <u 2 ((U La-M 2 )+CLi RzR) 2 



|Vl| 



(4) 



[0 06 2 ] CC-C, IC^-h'i'J-^/v-f^i© V2 I 4I^Ct^3>f>fC©ilSI^*t* 
ilft^gt^JifiT-StU*, I C^7- FCC*3C-t^,1SJEV2 &4. iX© J: 5 (eft 

©*fi*Hii I V2 I -r^^^A-S. I 50 [00631 IH5, 1>J, A=L1XL2-M'it5 



(8) 



8-3 30 840 



13 



14 



£ &*>«:. 5£ (4) OfmZf (C) i-T€>i > f * [0064] 

<C> tt. JXSttCTft-r.fcSfcfc'S. * C»43 

f <c) = (RAo; 2 C-(RLi+R2Li)} 2 +a; 2 (LiR2RC+A) 2 



(5) 



[0 0 6 5 ] 5?C (5) iCKoOTtftfl-U f ( C ) © 
**IWiStf " (C) -e-ftttsS (6) (c^TJ; 

5Kfe£,, XI 
f '<c) = 2R 2 a» 2 {(A 2 « 2 +L 2 R2)C- 



* [0 0 6 6] 
[&5] 

-AM} 



(6) 



[0 06 7]-eLT. f (C) =0iO. f (O© 10* [0 06 8] 

r _ ALi 

A 2 W 2 +L?R| 

[0 0 6 9 ] 5$ (7 ) r&StlSCtt. £JS©^#-e£> 
0. C*i. SC (7) T-^it6tlSffl4 3#iri,»*»^. 
|V2ltti*i«t9. y-*/9-f>*6, IC*- 

[0070] ;xtc. L2©-e*-i-eft-Y 20 

St^Wfctmt-rsi. ^OJ^teft*. fete, ccr 

«. 3-fALl, L2«, ttxIKAS. ^-ft-etlA 1 X B-fc 

Li - {-A1 log{Ai+T(A?+B?)-Bi • log(B 1 +-/ftf+Bf ) 



(7) 

-frl, A2XB2CDg*»-Cft5if6. 

[0 0 7 1 ] ^>#^£>XL 1 ZtcitL 2«. 

(8) s/c« (9) iczv^ti^tinntzct&vz 

[0 0 7 2 ] 
C»7] 



-KAi+Bi) log (^^•)+2K+Bf)-| <A!+B?)} 



(8) 



[&8] 30i 

U= -f - {-A 2 -log(A2+^+BS)-B 2 -log(B2+VAi+Bi) 

+(A2+B 2 )-ioa (^aj+a^Ai+Bi)-! (a|+b|)} 

(9) 

[10. u.tt. &mMm*3kL> SfcrlJfcttr2 

dH= ixdsxr / ( 4 x 3T x 
ffiU S(10) &C*>(,>T. dsir £©ra©x«:. <-? 40 
?h*dsir £©*H3t (IdsllrlsinG, 0 
(Ki'l-Jl'ds ir*5-5< -Sftffi) *i 
[0 0 7 5] 15$, 3-OULl#s, Sl»«CiStfT€>x, 

TJ^tC. -£©^0*5, M.£(0, 0, 0) it— ScL-. 
^©ItU: fctttfrt*. ^ iveft x * fcB y $4 i W(Cft 2> 
<fc^tci2g^n-Ct,^ (ffi-,r, 3-Y;l/Lltt. xy¥ 



[0 0 7 3 ] -XiC. tSS^>^^^>XMW, -X<D£>> 

dstC^oT. -ec*>6^SI h 
;P) r/cWSStn^jSpjc^D-SBS^ {i* hJW dH 
t'* • V-rtA, (Biot-Savarl) ©ffifjic J: t) . & 

5£^rt 

[0074] 
I r I 3 ) (10) 

UWttaa * (x, 
y, z) «Ctet*4»H (t* bJU) HB. a(10)K 
^Lfct** • ■V-^-Jl'OMMfrh, 5$ ( 1 1 ) ©JcSfC 

[0076] 

[&9] 



nnW-8-3 3 0 84 0 
15 16 



dx s 
dy s 





(9) 




— ivZ+i z(v+b^ 


{(x- 


-xs) 2 +(y+b) 2 +z 2 ) 3 ' 2 






{(x- 


-x s ) 2 +(y-b) 2 +z 2 } 3 ' 2 




ixz— i z (x— a) 


{(x- 


-a) 2 +<y-ys) 2 +z 2 J 3/2 




ixz— i 2 (x+a) 



N1I1 [ -iyz+i z (y+b) 
4,r I (y+b^+z 2 



— (x— a) x+a 



) 2 +(y+b) 2 +z 2 -/(x+a) 2 +(y+b) 2 +z 2 

-iyz+iz(y— b) 
<y-b) 2 +7 2 

— (x— a) x+a 



f ~{x-e 
4(x-a) 2 +(y- 



b) 2 +z 2 ' V (x+a) 2 +(y-b) 2 +z 2 



i x z-iz(x— a) x 
<x-a) 2 +z 2 



~(y-b) , y+b 



V(x-a) 2 +(y-b) 2 +z 2 V("-a) 2 +(y+b) 2 +z 2 

ixz-iz(x+a) 
(x+a) 2 +z 2 

f ~(y-b) | y+b 
iV(x+a) 2 +(y-b) 2 +z 2 V(x+a) 2 +(y+b) 2 +z 2 

(11) 



•II 



[0 0 7 7 3 fflU 5£ (1 1 ) (c*5t>T, aJfctth 
^-tl-eftsS (12) 2/c« (13) r^n^fe©* 
a=l/2xAl 
b = 1/2XB 1 
NIB. =J>fjl/L 1 ©^DtfcSlL. ^hJt> 
i,, i v . i,B, -etl^nx. y, zWS^KDmH^ 40 
* h^TfeS (££-oT, i x = ( 1. 0, 0), i,= 
(0. 1 , 0) , i ,= (0, 0, 1 ) ) . 
[0 0 7 8 3 CCT, 5£ ( 1 1 ) 3^;bL 1 K* 

SKI 1 355^Stv-5, Cite J; 0. *C3&»6ffiKD I S/cWIlt 

nfc*cc£i;saBWH («r, das. ra*-5BiM3tt£ 

5S8fcJ:O'09(C-^^-Ctl5l«) It. Al=Bl©t§ 

bp*> 3 a * l i ©»«*«iE*»r * ^ m&vmm - 



(1 2) 
(13) 

so-c^<ci«%*^o 1 KSiftI 1 

tffifcftSCilCfcrK -ec^6^iKD I StctimtitcsS. 
K4D51I?E («T, its:, ffift-«f!i»tti«r»5) 

[0 0 7 9 3 BlBJiZffimiC-rztctbiC. i6Km 



17 



9, 3-OUL2tc»K-r*«£»**tt. 

2 ~"2" 



(10) ^&B¥8-3 3 0 84 0 
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[Ml 0] 



(14) 



[008 0] 3>f;H2©«tl:N2 ttii. 

N2^= MIi 

[0 0 8 1 ] fEoT. SC ( 1 4) tsXV (15) 
«2<f * >^MB, jC(16) t*-rci^-c? 



* cam 

(15) 

10* [0 08 2 ] 
[»121 



[0 0 8 3] iC6f. 3-fJl/L KDW&s&VWiV&Z 

l^CCtt, -e<DfiS#& 1 0 c m«T) £L./c*Sl=r. Mil? 
htc& *> fc. m$?£^W©&3#P^fI£&£3 m©{i 

ffifr>£>, 3-f.iUL 1 ^Mfci^fCK. 3W;UL1«, 3& 20 
(gfei>Jl/-7*r>f-^) £#*3t 

[0084] t,^, milCm-rjiSlC, xy^B±(C|H 
W.2 titc$k'J»V-yri'y-i-t<c'm.ffil jW**.* C £ fc J: 
•3. ]^>6BB«tr/cWI!tn/cjS^*or t IHMi£*tt-fr 



(16) 



ftg#<£T'&£.'5P (r, 0, 4>) lc£.C (^< 

jc^cc. ^-n-ense ( 1 7) 7bs ( 1 9) K^-rj^tc 



[0 0 8 5 ] 
C»l 3] 



14] 



mi 5) 



Hr = lli-e-»(^ + £)cos« 



4rr 



(17) 



(18) 



(19) 



[ 0 0 8 6 J S ( 1 7 ) *J <t!>* (18), $fc(i ( 1 
^<fc5fc&£„ H8fcctD' , 0 9^6to*^J: i 5(c. 1ft 40 

s «:»■*■ sawst*. -e<Dffiacc3&>*>to<=>-r, — 

tc, ^£fc«@9te*-rJ: i 5(c&£„ ifc. 05*>J: 
CJ® 8 CCtj* L fcggiK - HSWtttt, pi#* Jttw & C £ 
(CO: 9, 3^JVL 1 ^^;l/-7'T>7-^-<f:*-nc-rc i 

ffi«-«W«ftt«:-3t»r*>i5i«-c*s. 

[0 0 8 7 ] #tC. 5S (4) . (8) . *5±Cf (9) *> 
6, a-OUL 1 £L2 £#gttt, fB5-Y>#^£>;*M 
#8c4>0fct§-£K:. IC*-F (02) (c*avr. 50 



&U^;U©mjEV2£?#£/cit>(U*, BP*i. IC*-F 

fc«>Ktt. 3^UL2©#»N2**S<TSir£©I 
C#-F©igH^*##T Sfc. 3 6 

KIC*-Ki')- * £ ©MmfSit^iitf T K 

[0 0 8 8 ] l©rat-«»Wtt^. 0d 

^tMc^fC, a^iVL l©E»-BB»M*tttt. £i«*K£ 

i £-r* £ . ei i o {c*n»T^asi7?^rreBi-»ff4$tt 



(11) 



8-330840 



19 



20 



^s(foisgu-<;vLv i ttezmntt, mmicte^-cm 
<tOfe, di«wfi<tt-5. <fc^>-c c<d»^ ic# 

- F t . - -T f i OiifaSBSftB, d 1 fi£W 
JkRSnSCitc&S. 
[0 0 8 9 ] l/*>t,fc#6. COit^, EJ10tC:tel,>T 

fi. WKEU^il^) LV2fcLt£&SC£tfift 

So 

[0 0 9 0 ] 3 6tC. C<DJ#£, EI 1 0fC*it»-CS^-C 
{C«fc?L *nK#j60T, KIB-mSMttfcfc. HI ICC 
(EI 1 0 KfcW -5^SfcB*i^©Sgffll -HW^tti . 

n-e*i»j6urt»*) „ Stot, hi i (cn^-c^-rsg 

H = H 1+H 1 ' +H 1 ' ' 
E = E 1 + E 1 ' +E 1 ' ' 

[0093] ifot, m^tm i 2ic^-r i^cc. 
7'7>ftLr nfcULi' • ^n-en^ieio 
(cam* i l" r ' * J fifeft. 

1KB. ;b-7*T>7 u ^L 1 ' *J«fcO'Ll' ' ittl 



H r = 



2v 



r 2 / 



*#5 0 0 /iV/mittSfe©r*-7fci8^Ktt, Ell 1 
t.»T. *#9iK#5 0 0/iV/m D» 
[00 9 1 ] «-fc*»6. I Ctf- K03MI. «»ffi^© 

10 1 tf>h 3 m©{4S) K*iW-S«»«r5 0 0 m V/m«T 

[0 0 9 2 ] -e-C-C. 01 JC7j*Lfc<fc5K:, T>y-i- 
3<lO;l"-^T>f-^L 1 . LI* , LI* • "Cfli 

HSfciimW V)\>) EB, ;I/-:/T>5^L 1 , 
LI' , LI' * -e*i-en##fe£T£fiBW Ml-) 
HI. HI' HI' ' SfcSJIWE 1 , El'. E 

(2 0) 
(2 1 ) 

sa^-ross (17) 7!;^ (19) -en-etiB, (2 

0), (2 1) frh. 5S (2 2) 7iS (2 4) tCmTTJ: 

[0 094] 
C«16] 

(NiIiSi+NrliSv+NrlrSr) 

(22) 



ran 7 j 



[»18] 



sin 8 
An 



30 



a 11 " (-JT +-jr — 7-) (NiIiSi+Ni IrSr+Ni-IrSr) 

(23) 



= losing ^ + JL) (Nl i lSl+Nl ., 1 , Sl . + N,.lrSr) 

(24) 



[0095] {IU N 1 . N 1 
tuU-T/T^f^L 1 , L 1 ' 
U SI. S 1' SI' 

IsTi-L 1 . LI' . LI' ' 



' , ni" », ^-ft^e 

, L 1 ' ' 



ft 1 ©&©£ uri^-s©r. I5H(c^l/c8SS!^;u-7't* 

NIX I1X Sl+Nl' X II' X SI' +N1' ' X II' ' X S1"=0 

r ' -ett-eftccij£*-i£®jiu 1. ii'. ii'', 
■eti-eno^tstN 1 . n r . n 1 • ■ . k^v^ti^ 
nofflisi, sr sr • ^Sie^^c £-e, wus 

JU-^T>r-^-L 1 LT4>> Hj& 



★ >-r^tCijiEn?>®oiE I . BP^iS (17) Jbm (19) K 
*stt*«» HJ, S (22) M (24) tC4st*S**k 
40 Nl, NT , NT " -e*ve*a<i:. ttift I 1 . I 
r . I 1 ' ' -etx-efttOSN 1 x I 1 , N 1 ' xi 

r . n i • ' xi r • {cti^-r^ 0 

[0 0 9 6 ] 5£ (2 4) *><E>, ^ 
(2 5) 

L 1 , LI' . LI' ' ifi'm»\'--?'Tl'7~i- tfrtj:-? 
C£©r-*S(4g) (T>f 3 mfitl/cfeg) (C 

r fcio'Lr ' li* ' ) smi? 

(Cj;f)rr^?S3nSC:<t{Cj:f). 5 0 0MV/mJilT£ 



21 

-f&ciAs-ess, ipfc, S(25) ©^tt£fiSSf& 

[0 0 9 7] S(25) T^f ^{*, T>7"^ 

*JM <Mtt2«±<08«) m<D)V-yT>7-i~CMf&$ 
hiiLfcW^K, *©Mfl£»t'-* ^T^fi-(D^1y(D 
m (mtt. lJBLhMfetT©SBR) »B©*-^T>^ 
©*»*fcttffifll*. *n*hN.*fcBS.tt4ii 

*>k. -e-toju-^r^^tciens***. i.iu io 

IN. I.S.= 0 

itt* (fib, fi-y-T^ri'&wimojjfatcmtizn 
[0098] ;i/-7"t>7-^l i *>6jai>aa©fiai? 

«, 05tc^LfcJ:^KS«— gf, *>ofitx/cfiig© 
SWISJ:9Sitl»jO»6. IC*-Ki';-?/7-/fi©I 
fiE«*gdSfe-r4ft:abtcB. Jb-7*r>7-^L 1 ft>&fl| 20 
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